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Laterality of pain: modulation by placebo and participants'
paranormal belief
Abstract
OBJECTIVE: To investigate the effects of placebo and paranormal belief on the laterality of pain
perception. BACKGROUND: The right hemisphere is dominantly involved in both the mediation of
pain sensation and the belief in paranormal phenomena. We set out to assess a possible influence of
long-term belief systems on placebo analgesia in response to unilateral nociceptive stimuli. METHOD:
Forty healthy participants (20 high and 20 low believers as indexed by the Magical Ideation Scale)
underwent a placebo analgesia study measuring stimulus detection, pain threshold, and pain tolerance by
electrostimulation on the right and left hand. Placebo treatment consisted of the application of a sham
cream on the hands. RESULTS: Placebo had a positive influence on pain perception in the 3 variables.
Enhanced pain sensitivity for the left side was only found for the disbelievers. Placebo treatment
resulted in a double dissociation: in believers, it increased tolerance exclusively on the left side, in
disbelievers on the right side. CONCLUSIONS: Our results confirm laterality effects in pain perception.
However, only disbelievers conformed to the expected higher left-sided sensitivity. Placebo effects were
dissociated between believers and disbelievers suggesting that short-term reactions to a placebo are
modulated by a person's long-term belief system.
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Abstract   
Objective: To investigate the effects of placebo and paranormal belief on the laterality 
of pain perception. 
 
Background: The right hemisphere is dominantly involved in both the mediation of 
pain sensation and the belief in paranormal phenomena. We set out to assess a 
possible influence of long-term belief systems on placebo analgesia in response to 
unilateral nociceptive stimuli. 
 
Method: 40 healthy participants (20 high and 20 low believers as indexed by the 
Magical Ideation Scale) underwent a placebo analgesia study measuring stimulus 
detection, pain threshold and pain tolerance by electro-stimulation on the right and 
left hand. Placebo treatment consisted of the application of a sham cream on the 
hands.  
 
Results: Placebo had a positive influence on pain perception in the three variables. 
Enhanced pain sensitivity for the left side was only found for the disbelievers. 
Placebo treatment resulted in a double dissociation: in believers, it increased 
tolerance exclusively on the left side, in disbelievers on the right side.  
 
Conclusions: Our results confirm laterality effects in pain perception. However, only 
disbelievers conformed to the expected higher left-sided sensitivity. Placebo effects 
were dissociated between believers and disbelievers suggesting that short-term 
reactions to a placebo are modulated by a person’s long-term belief system.  
 
Key words: pain, laterality, placebo, paranormal belief 
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The processing of painful stimuli seems lateralized. Merskey & Watson1 summarized 
the clinical evidence for a heightened sensitivity of the left body side to painful 
stimulation. Given that pain relates to an aversive emotion coupled to the 
sympathetic nervous system, it has been suggested that pain activates the brain 
asymmetrically, namely on the right hemisphere.2,3 This was confirmed by 
Chandramouli et al4 and Pauli et al5. The latter authors induced pain by pressure and 
found lower pain thresholds on the left side of the body with a corresponding 
asymmetry of the electrophysiological response to the right hemisphere. These 
clinical and experimental findings could be confirmed by brain imaging. For instance, 
Coghill et al6 conducted a PET study and found a right fronto-parietal activation 
independent of body side of stimulation. Similar findings were reported in functional 
magnetic resonance imaging studies.7,8  Symonds et al7 found a laterality effect after 
pain application with an increase in activity in the anterior cingulate, the frontal gyrus  
and the inferior parietal lobule in the right hemisphere. They argue that a right-
lateralized attentional system may exist and alert an organism to an infrequent, but 
behaviourally relevant, stimulus such as pain. 
 
Recently, a number of studies investigated the neural correlate of placebo analgesia. 
Benedetti et al9 reviewed the evidence that during the anticipation of pain a 
heightened activity in the right prefrontal area is found, while brain areas mediating 
the emotional response to painful stimulation are inhibited. Placebo activates the 
endogenous opioid transmission, thus inhibiting the sympathetic nervous system.10 
These studies provide further evidence, not only for an asymmetric brain activation in 
response to pain, but also for the complexity and modification of pain. 
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One of the variables of interest in our study is the participants’ belief in paranormal 
phenomena, which has been shown to be associated with an altered functional 
hemispheric balance, specifically an enhanced right hemispheric functioning. Most 
research in this field concentrated on behavioural studies.11-13 Mohr et al12 modulated 
spatial behaviour and found a reduced right-sided orientation preference in turning 
behavior and in line bisection. They concluded a relative hyperdopaminergia of the 
right hemisphere as the biological basis of heightened belief. Pizzagalli et al14 
conducted an EEG study and reported also a relative right hemispheric hyperactivity 
for believers compared to non-believers. Similar findings were reported for 
suggestibility as in studies assessing the brain correlates of hypnosis.15,16  
Moreover, the effects of placebo analgesia correlate with mood and expectation. 
Persons with high depression and anxiety scores were found to respond better to 
placebo treatment that those with low scores.17,18 
Thus, there are different lines of evidence supporting the association between an 
asymmetric hemispheric processing in pain as well as its manipulation by a placebo 
on the one hand and in the emergence of paranormal belief on the other hand. The 
aim of our study was to investigate the laterality of placebo-modulated pain sensation 
as a function of healthy participants’ paranormal belief. In our experiment we 
measure a peripheral correlate of autonomous responses to pain reflecting cortical 
pain arousal. We predicted pain sensitivity to be asymmetric with lower thresholds on 
the left than the right body side. We expected that this hypothesis would especially 
hold for the disbelievers compared to the believers. Moreover, placebo analgesia was 
expected to be more effective in believers than in disbelievers and to modulate pain 
perception differently with respect to body side in believers than in disbelievers. Also, 
an association between depression and anxiety and placebo treatment of pain has 
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been shown, we expected no significant correlations in our sample of healthy 
participants. 
 
Methods 
Subjects 
Forty healthy right-handed men, mean age 34.9 years (range 20 to 45 years) 
volunteered in this study, which was approved by the local ethics committee in 
concordance with the Helsinki declaration. Written informed consent was obtained 
from all participants. Participants were recruited by flyers at an event for psychic 
belief and at the university. Volunteers with neurological or psychiatric histories were 
excluded as well as those with substance dependence and with drugs, which alter 
pain sensation, especially pain killers and sedativa in the 48 hours. Education ranged 
from high school to university degree. Handedness was assessed by a 13-item 
scale.19 To quantify belief in the paranormal we used the “Magical Ideation” (MI) 
questionnaire20 and to assess the association between anxiety and depression with 
placebo treatment we used the “Hospital Anxiety and Depression Scale”.21 Subjects 
were divided in two preplanned groups according to the median MI score (max. 30), 
20 subjects were assigned to the group of “believers” (mean score 18, sd= 2.8, range 
15-23) and the other 20 to the group of ”disbelievers” (mean score 7.2, sd= 3.4, 
range 2-12). MI was significantly different in the two groups (t= -10.81,p < .001), but 
age and education were comparable.  
 
Procedures 
Pain was induced by an electrical stimulator (Pain Matcher ® by Cefar Medical AB). 
The stimulator was placed between the thumb and the index finger of one hand to 
measure three thresholds sequentially: stimulus detection, pain threshold and pain 
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tolerance (indexed range 0 to 100). This device gives constant current stimulations 
and is controlled by a microprocessor that provides rectangular pulses with a 
frequency of 10 Hz and an amplitude of 10 mA. The stimulus  is a successively 
increasing pulse ( width from 0 to a possible maximum of 450 µs in increments of 7.5 
µs, up to a total of 60 steps). The electrical charge per second is extremely low and 
varies through the different steps from 1.5 to 45 µC. The reached value (0–60) is 
directly related to the pulse width and is displayed on a liquid crystal display screen.22 
To determine detection threshold, participants had to stop pressing the buttons as 
soon as a stimulus was felt. Pain threshold was defined at the moment the electric 
pulse was sensed as uncomfortably painful, comparable to the touching of an electric 
wire. For the measurement of pain tolerance, subjects had to hold the buttons 
as long as the stimulus was tolerable. All three variables were registered 
electronically by the device. Placebo consisted of a sham cream, which was applied 
on the back of each hand with a band-aid and a verbal reinforcement of its analgesic 
effect. The experiment consisted of two parts: baseline and placebo analgesia 
measures in the right and left hand for the three thresholds. Measurements were 
repeated three times, such that a total of 36 registrations were available for statistical 
analysis. The order of right and left hand measurements in the baseline and 
treatment runs was balanced. After the baseline measures, subjects filled in the 
HADS questionnaire, followed by the placebo runs. The MI scale was given last to 
avoid biasing the placebo measures.  A session lasted approximately 1 hour.  
 
Results   
ANCOVAs were calculated for the three dependent variables stimulus detection, pain 
threshold and pain tolerance with the main factors side and treatment as repeated 
measures and belief groups as between-group factor and order as the covariate. 
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Data were normalized by using the square-root transformation. In addition, we 
calculated a laterality score to illustrate the proportional difference between the two 
hands: difference left minus right hand divided by the sum of both hands multiplied by 
100.  
 
There was no significant effect for order. Results are summarized in Table 1. 
 
Insert Table 1 about here 
 
Baseline: Disbelievers were generally more pain-sensitive than believers, the 
difference being significant only for pain threshold of the left hand (F(1,37)= 4.00, p= 
.050, see Fig. 1a). 
There was a significant hand difference for pain tolerance (F(1,18)= 10.68, p= .004) 
exclusively for the disbelievers, the left side being more sensitive (Fig. 1b). Believers 
showed no side difference in any of the three variables.  
        
Insert Fig. 1a and b 
 
Placebo effect: Placebo had a positive influence on pain perception according to all 
three pain measures. As seen in Table 1, the statistical differences between baseline 
and placebo reached significance for almost all comparisons, and in both groups. Our 
results do not reveal an enhanced placebo response for the believers, i.e. the latter 
are, therefore, not simply more suggestible to treatment. Of the three variables, pain 
tolerance was most affected by placebo. Whereas placebo increased pain tolerance 
significantly on the left side in believers, the effect in disbelievers was significant on 
the right hand: the laterality index between the two groups was significant (F(1,37)= 
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7.91, p=.008). As Figure 2 illustrates, the mean relative increase in pain tolerance 
induced by placebo was 1.28 for the disbelievers in favour of the right hand, but 1.36 
scale values in favour of the left hand for the believers.  
The groups did not differ with respect to the “Hospital Anxiety and Depression Scale” 
(HADS) and the scale values were in the normal range. The means for the subscale 
“anxiety” were 5.7 for believers and 4.75 for disbelievers (pathological scale value > 
11), the means for the subscale “depression” were 2.95, respectively 2.55, 
pathological value > 11. The relation between the HADS and the MI was weak over 
all subjects (Pearson correlations were non-significant). 
 
Insert Figure 2 about here 
 
Discussion 
We investigated the effects of placebo and paranormal belief on the laterality of pain 
perception. According to the literature it was expected that the left body side would 
be more sensitive to pain than the right side. To test this hypothesis we assessed 
detection threshold, pain threshold and pain tolerance of an electrical stimulus in the 
left and the right hand with and without placebo in relation to the degree of 
paranormal belief.  
Baseline measurements revealed the postulated asymmetric pain sensitivity, but not 
for the whole sample, only for the participants with a low magical ideation score, here 
designated “disbelievers”. There are a number of neuropsychological studies 
presenting evidence for a relation between paranormal belief and non-regular 
functional hemispheric laterality. It has been demonstrated that belief is associated 
with a heightened right hemispheric activity Ref 12-15.  Our result of an asymmetric 
sensitivity for pain would be concordant with this notion and supports, although 
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indirectly, a lateralized difference in pain perception with a lower threshold in the right 
than the left hemisphere Ref. 1-9. Irrespective of body side, we found believers to be 
less sensitive than disbelievers. This supports studies suggesting that belief, as one 
manifestation of schizotypy, relates to a lower pain sensitivity.23.  Moreover, the 
believers and disbelievers did not differ with respect to anxiety and to depression, all 
participants scored low in the HADS. Thus, these factors seem not to influence pain 
sensitivity nor the effect of placebo.  
Of special interest was the effect of sham analgesia in relation to body side and the 
degree of long-term belief system. We found that placebo had a positive effect on all 
three assessed variables. This result was found in all participants, thus believers 
were not more suggestible than disbelievers. We found no general laterality effect of 
placebo, but interestingly, our study shows side-specific effects to vary with degree of 
belief. There was a double dissociation: whereas for believers, placebo increased 
pain tolerance on the left hand, in disbelievers, tolerance increased in the right hand.  
To summarize, our study reveals complex interactions for pain perception between 
body side tested, belief and analgesia. An asymmetric sensitivity was only found for 
disbelievers, their left hand being more sensitive than their right hand. This result 
indicates that long-term belief systems effect pain sensitivity and body side and 
suggests differential hemispheric processing. Our study proposes that investigations 
in pain perception and treatment should take into account individual functional 
hemispheric processing and different personality characteristics. Placebo effects may 
crucially depend upon such variables as laterality and belief. Our findings are in line 
with a recent fMRI study by Wiech et al 24. nicely documents the anatomical 
correlate of pain sensation and its relation to belief and analgesia. Religious believers 
sensed less pain when shown images with religious content than non disbelievers 
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and this form of analgesia correlated with a heightened activity in the right frontal 
lobe. 
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Figure captions 
 
Figure 1: Pain threshold (a) and pain tolerance (b) for the two hands separate for the 
believers and the disbelievers.  
 
Figure 2: Comparison of baseline and placebo treatment laterality indices for pain 
tolerance showing an inverse effect for the two groups: whereas placebo increased 
pain tolerance on the left hand in believers, it increased tolerance on the right hand in 
disbelievers.  
 
 
. 
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Table 1: Means of the raw values (square-root values) of the three variables 
detection threshold, pain threshold and pain tolerance in the placebo and baseline 
run for believers and disbelievers and the two hands and the comparisons between 
baseline and placebo treatment (F-values and p-values).  
 
 
Variables   placebo baseline F-value p-value 
Left: pain tolerance  Disbelievers 
Believers 
20.82 (4.29) 
31.35 (5.18) 
17.93 (4.02) 
26.63 (4.77) 
12.62 
8.76 
.002** 
.008** 
Right: pain tolerance Disbelievers 
Believers 
26.12 (4.80) 
29.32 (4.99) 
21.42 (4.39) 
26.49 (4.74) 
10.30 
1.39 
.005** 
.254 
Left: pain threshold 
 
Disbelievers 
Believers 
8.08 (2.74) 
11.53 (3.22) 
6.46 (2.49) 
10.5 (3.06) 
5.21 
4.42 
.035* 
.050* 
Right: pain threshold  Disbelievers 
Believers 
8.75 (2.87) 
11.63 (3.23) 
6.93 (2.58) 
9.67 (2.97) 
4.71 
0.88 
.044* 
.360 
Left: detection threshold Disbelievers 
Believers 
3.62 (1.89) 
3.78 (1.93) 
3.3 (1.80) 
3.47 (1.84) 
9.51 
7.78 
.006** 
.012* 
Right: detection threshold Disbelievers 
Believers 
3.78 (1.93) 
3.97 (1.98) 
3.49 (1.86) 
3.63 (1.89) 
1.09 
2.88 
.310 
.107 
 
Figure 1                                     
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Figure 2 
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